Inadequate fruit and vegetable consumption is estimated to lead to over 2.6 million premature deaths per year worldwide (Lock, Pomerleau, Causer, Altmann, & McKee, 2005) , chiefly through incidences of ischemic heart disease (Yusuf et al., 2004) , stroke (Dauchet, Amouyel, & Dallongeville, 2005) , and potentially some cancers (Vainio & Weiderpass, 2006) . Unfortunately, existing fruit and vegetable consumption interventions that go beyond information provision are expensive (Cobiac, Vos, & Veerman, 2010) and labor intensive (Pomerleau, Lock, Knai, & McKee, 2005) .
Appearance offers an alternative framework for intervention. Interventions that illustrate graphically the detrimental effect of ultraviolet light exposure on faces have led to lasting sun-tanning behavior changes (Mahler, Kulik, Gerrard, & Gibbons, 2007) .
Appearance-based smoking cessation interventions have also been successful in motivating behavior change (Semer et al., 2005) . This style of intervention is potentially capable of motivating dietary change because of the effect that fruit and vegetable consumption has on skin appearance and attractiveness (Stephen, Coetzee, & Perrett, 2011) .
Red-yellow carotenoid pigments are abundant in fruit and vegetables. These pigments impart color to human skin (Alaluf, Heinrich, Stahl, Tronnier, & Wiseman, 2002) , and individuals consuming higher amounts of fruit and vegetables exhibit yellower and redder skin (Stephen et al., 2011) . Modest dietary change is sufficient to elicit perceptible skin color changes within 6 weeks (Whitehead, Re, Xiao, Ozakinci, & Perrett, 2012) , and raised levels of carotenoid-based skin coloration reliably enhance the apparent health and attractiveness of human faces (Stephen et al., 2011) .
Existing appearance-based interventions (e.g., Mahler et al., 2007; Semer et al., 2005) typically perform illustrations on images of the participant's own face to demonstrate the consequences of behavior for appearance. Personalizing intervention materials in this manner may serve to enhance the perceived relevance of the intervention. However, the personalization of an appearance intervention may be redundant if demonstrations with generic facial images are also effective in changing behavior. Moreover, generic images could be distributed at a low cost per participant.
In the present study, the effect of two appearance-based dietary interventions were evaluated: the first demonstrated the effect of increased and decreased fruit and vegetable consumption on an image of the participant's own face, and the second demonstrated the same skin color effects on generic young adult faces. These interventions were evaluated over a 10-week period relative to a "control" information-provision-only intervention, which is in line with British National Health Service (NHS) advice (National Health Service, 2009a , 2009b . Self-reported fruit and vegetable consumption is expected to increase (relative to control) when individuals receive an appearance-based intervention, and personalization of this intervention is expected to further improve outcome.
Methods

Participants
Procedures were approved by the University of St. Andrews Ethics Committee, and prior informed consent was obtained in writing from all participants. Participants took part in the study between February and June 2011. Participants were reimbursed £5/hour. Seventy-three students/employees at the University of St. Andrews (49 females, 24 males, M age ϭ 23.01, age range: 18 -61, 1.4% African, 72.6% Caucasian, 17.8% East Asian, 1.4% West Asian, 6.8% mixed ethnicity) were recruited via advertisement describing the study as an investigation of diet and health and were randomly allocated to one of three conditions (n ϭ 25, 23, 25 for information-only, generic appearance, and own-face appearance intervention groups, respectively). One experimenter (R.W.) enrolled and assigned participants using the sequential look up of a computer-generated random number list. The experimenter and participants could not be blinded to assigned condition. The experimenter could also not be blinded to the study's hypothesis.
At baseline, these groups were equivalent in terms of fruit and vegetable consumption, age, gender, and body mass index (Kruskal-Wallis H, all p Ն .356). Participants reported consuming an average of 4.97 (SE Ϯ 0.38) fruit and vegetable portions per day at baseline (see online supplemental material for further demographic details).
Fruit and Vegetable Information
NHS information on recommended portion sizes, meal planning, and health benefits (National Health Service, 2009a , 2009b was provided to all participants after baseline questionnaire completion.
Generic Appearance Intervention
Participants in this group were presented with stimuli constructed by averaging the facial shape and color of four males or females. Both resulting base faces were manipulated in color according to the spectrophotometer-derived effect of a 6-week change in consumption of fruit and vegetables (Whitehead et al., 2012 ) (see online supplemental material). The skin regions (excluding eyes, hair, and background) of the base face photographs were transformed (Stephen et al., 2011) to obtain a continuum of 13 images, representing a maximum/minimum change of Ϯ10 fruit and vegetable portions per day between images 1 and 13, with the original face as image 7.
Gender-congruent images were displayed on a color-calibrated cathode ray tube monitor within a darkened booth. Participants could advance through the fruit and vegetable skin color continuum with horizontal movements of a computer mouse (Stephen et al., 2011) and were instructed to select the healthiest face color on two trials. The experimenter then explained how increased fruit and vegetable consumption changed skin color and that, in independent experiments, this made the faces appear healthier and more attractive. Participants were told the approximate difference in fruit and vegetable consumption between the baseline and the skin color they found healthiest.
Participants also received a color-calibrated photo-quality leaflet presenting the skin color changes associated with eating approximately 6.7 more or 6.7 fewer fruit and vegetable portions per day relative to the central starting image.
Own-Face Appearance Intervention
Participants in this group received similar materials to the generic appearance intervention group, but illustrations were performed on images of each participant's own face (see Whitehead et al., 2012 for photography methods). Participants viewed a demonstration (as above) in which they were able to manipulate the color of their own face according to the empirically derived fruit and vegetable skin color axis. These participants were asked to select what they perceived to be closest to their current skin color on two trials, followed by two trials selecting what they perceived to be the healthiest skin color from the available range. Participants received a leaflet, identical to that given to the generic appearance intervention group, except that the images were of the participant's own face.
Procedure
First, all participants completed a six-category food-frequency questionnaire reporting consumption of fruit juice, fruit, vegetable juice, salad, vegetable soup, and vegetable portions consumed over the past 7 days in 10 response categories (0, 1, 2-3, 4 -6 per week, 1, 2, 3, 4, 5, Ͼ5 per day), recoded as 0, 0.14, 0.36, 0.71, 1, 2, 3, 4, 5, and 6 portions/day, respectively. Illustrations of portion size guidelines (National Health Service, 2009a) were available to assist estimations. Participant's responses were summed across items to estimate total fruit and vegetable consumption (range of 0 -36 portions/day). Participants were asked "Is there any reason, medical or otherwise, that prevents you from making changes to your diet?" Body height and weight measurements were recorded using a wall-mounted stadiometer and Tanita SC-330. Participants in all intervention groups were asked to cleanse their face with a provided wipe in preparation for a photograph taken 15 minutes later.
Participants then received intervention materials and demonstrations as appropriate in the initial session in a quiet office. For the following 10 weeks, e-mails were sent reminding participants to complete the food-frequency questionnaire via the Internet each week.
Results
Square-root transforms were applied to non-normal data; when unsuccessful, nonparametric statistical tests were used. Missing This document is copyrighted by the American Psychological Association or one of its allied publishers.
This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
2 WHITEHEAD, OZAKINCI, AND PERRETT dietary data were imputed by carrying forward the last observed report. Analysis with average nonimputed fruit and vegetable consumption computed over two 5-week blocks revealed essentially the same main effects.
Color Manipulation
When selecting the healthiest skin color, participants in the generic appearance group on average chose a color equivalent to increased consumption of 6.23 Ϯ 3.79 portions of fruit and vegetables per day above the baseline image (Wilcoxon's Z ϭ Ϫ3.931, p Ͻ .001). When selecting an image closest to their current skin color, participants in the own-face appearance group chose, on average, an image associated with a significantly (Z ϭ Ϫ3.476, p ϭ .001) decreased fruit and vegetable consumption (Ϫ3.9 Ϯ 4.23 portions/day) relative to their actual starting appearance. When selecting the healthiest appearance, these participants selected images that were on average associated with a significantly (Z ϭ Ϫ2.332, p ϭ .02) increased fruit and vegetable consumption (ϩ3.17 Ϯ 5.72 portions/day) relative to each individual's original photograph. The color difference between perceived current and healthiest appearances was associated with an increased fruit and vegetable consumption of 7.07 Ϯ 6.62 portions/ day (Z ϭ Ϫ3.661, p Ͻ .001). These results remain when excluding seven participants unable to change their diet (generic appearance 5, own-face appearance 2).
Fruit and Vegetable Consumption
We eliminated from analyses nine participants who indicated they could not make changes to their diet (information-only n ϭ 2, generic appearance n ϭ 5, own-face appearance n ϭ 2). Because this is an investigation of long-term intervention efficacy, a further 18 participants who either permanently dropped out of the study before the final session (n ϭ 14) or missed the final session (n ϭ 4) were excluded (information-only n ϭ 6, generic appearance n ϭ 7, own-face appearance n ϭ 5, see online supplemental material for participant flow; average of 1.8 dropouts per week, SD Ϯ 1.4). No difference was seen between completers and noncompleters in terms of baseline fruit and vegetable consumption, gender, or body mass index (all Mann-Whitney U Ͼ 335.5, p Ͼ .23). Completers were marginally older than noncompleters (U ϭ 315, p ϭ .069). The remaining 46 participants (information-only 17, generic appearance 11, own-face appearance 18) completed an average of 9.6 (Ϯ 0.68 SD) follow-up questionnaires. For one participant (ownface group), the baseline dietary report was used to estimate missing data at the first week's follow-up. This participant completed all subsequent food-frequency questionnaires.
This sample was 69.6% Caucasian, 19.6% East Asian, and 10.9% mixed ethnicity. The number of follow-up sessions completed by participants was marginally inconsistent across information-only, generic, and own appearance intervention groups (9.35, 9.91, 9.72, 2 ϭ 5.3, p ϭ .071). Baseline fruit and vegetable consumption, gender, age, and body mass index were consistent across intervention group for these participants (all 2 Ͻ 2.4, p Ͼ .306).
A repeated-measures analysis of covariance (ANCOVA) with self-reported fruit and vegetable intake as the dependent variable, time (10 weeks) as a within-subject factor, baseline intake as a covariate, and intervention group as a between-subject factor revealed a significant effect of baseline intake (F(1, 42) ϭ 126.2, p Ͻ .001, p 2 ϭ .75). A main effect of intervention group was seen on self-reported fruit and vegetable consumption over the 10-week period (F(2, 42) ϭ 3.8, p Ͻ .05, p 2 ϭ .15; Figure 1 ). No main effect of time and no interaction between the time and intervention group were found (p ϭ .127, p ϭ .854, respectively). Controlling for baseline consumption, the own-face appearance group reported a significant increase in their postbaseline fruit and vegetable consumption from baseline compared with the information-only group in post hoc tests (Bonferroni-corrected, p ϭ .042) . No other groups differed significantly (p Ͼ ϭ .147).
The own-face appearance intervention group reported a significant increase in their postbaseline (average of 10 postbaseline reports) fruit and vegetable consumption from baseline (Bonferroni-corrected, t(17) ϭ Ϫ2.726, p ϭ .042, dz ϭ 0.65). The other groups did not report significant diet change (p Ͼ ϭ .534).
Discussion
The present study was the first randomized controlled trial to investigate the effect of an appearance-based dietary intervention. Our novel methodology involved visual presentation of the beneficial effect that fruit and vegetable consumption has on skin appearance according to an empirically derived color transform. The efficacy of personalized and generic imagery was compared; although personalized imagery proved effective, no clear evidence emerged regarding the utility of generic images.
Our results suggest that an appearance-based dietary intervention may be a valuable motivational tool; participants perceived the illustrated skin color transform as healthy-looking and, after viewing the potential effects of improved diet to their own skin color, they initiated positive changes in self-reported diet with a significant elevation in consumption of fruit and vegetables sustained over the 10-week study period. Further, positive dietary changes were seen despite the sample population beginning at a level close to the recommended five portions of fruit and vegetables per day. It is important to explore the efficacy of this strategy in those that consume fewer portions per day because these indi- This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
3 APPEARANCE-BASED DIETARY INTERVENTION viduals may be most at risk from inadequate fruit and vegetable consumption. Although the rate of attrition was consistent across the study, eliminating noncompleters could have introduced bias. Interventions may be most effective for those individuals who are most motivated to complete a longitudinal dietary study. Indeed, supplementary analysis showed that the longer the participants from our two appearance-based intervention groups remained in the study, the greater their average dietary change (n ϭ 40, ϭ 0.336, p ϭ .034).
Personalization may be particularly beneficial in the context of an appearance-based intervention because own appearance is a potent motivator of behavior (Chung, Hoerr, Levine, & Coleman, 2006; Markland & Hardy, 1993) . Illustrating the consequences of diet on an individual's own appearance may serve to enhance the salience and perceived relevance of the intended message.
Although the results of the present study are encouraging, they are preliminary. A sample of predominantly young adults was investigated. This group may have greater concern over appearance than other age groups (Chung et al., 2006) . Nonetheless, appearance-based interventions at an early age could be important in establishing lifelong beneficial dietary habits. Further, our sample was largely Caucasian. The effect of carotenoid pigments on skin color is perceived as healthy in an African culture, (Stephen et al., 2011) , suggesting that our approach could be effective across different populations.
The size of our sample was limited by the labor-intensive creation of personalized stimuli. This prevented us from investigating other potentially important determinants of intervention efficacy such as gender, ethnicity, and socioeconomic status. Although the transformation process used here was manual, the entire process has since been automated (Tiddeman, Perrett, & Hancock, 2012) . The technology could ultimately be made available to practitioners, nutritionists, and the public using web or cell phone cameras. Further work will be required to ensure adequate color calibration with such image capture and to determine how appearance-based interventions compare with existing dietary interventions in terms of the cost-effectiveness.
Because part of the appearance-based intervention participants received take-home images, the frequency with which participants referred to these resources could not be determined. It is necessary for further studies to investigate the effect of reminder e-mails and stimuli.
Although this preliminary randomized controlled trial of an appearance-based dietary intervention has been promising, much further work is required to determine whether it will be a useful public health tool.
